Background: Few studies have systematically investigated insomnia in adults with epilepsy. Methods: We performed a prospective cross-sectional investigation of the prevalence, severity, and comorbidities of insomnia in 90 adults with epilepsy using a battery of self-reported instruments and polysomnography. We quantified insomnia severity using the Insomnia Severity Index (ISI). Conclusions: Our findings indicate that severity of insomnia in adults with epilepsy is more likely to be associated with comorbid medical and depressive symptoms and less likely to be directly related to epilepsy. Good agreement between standard clinical diagnostic criteria for insomnia and the ISI for subjects without insomnia symptoms and for those with moderate-to-severe symptoms supports the use of this instrument in epilepsy research.
Introduction
Sleep and epilepsy are common but often poor bedfellows. Sleep disorders are two to three times more common in adults with epilepsy compared with those in general age-matched populations [1] [2] [3] [4] . The few prospective studies that have examined sleep complaints in adults with epilepsy have identified sleep maintenance insomnia (difficulty staying asleep) as the most common sleep/wake complaint in adults with epilepsy. The few prospective studies examining the complaint of insomnia in adults with epilepsy have been based primarily on selfreported sleep questionnaires [1, 3, [5] [6] [7] [8] [9] .
To better understand the prevalence, severity, and comorbidities of insomnia in adults with epilepsy, we chose to systematically study it using structured interviews and a battery of validated self-reported questionnaires including the Insomnia Severity Index (ISI) [10] and performed in-laboratory video-polysomnography (PSG) with 18-channel EEG to identify undiagnosed obstructive sleep apnea (OSA).
Materials and methods

Study population
We prospectively enrolled consecutive adults (≥18 years) with epilepsy seen in the Cleveland Clinic Epilepsy Center in a cross-sectional study exploring the prevalence of sleep disorders and previously published the prevalence and risk factors of OSA [11] . Enrollment was completed in 2008. None had been specifically referred for sleep 
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Epilepsy & Behavior j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / y e b e h problems nor presented with sleep problems as their chief complaint. Patients who had: 1) prior history of PSG or known sleep disorder, 2) active medical or psychiatric conditions that would compromise one's ability to complete study procedures (recent psychiatric admission or suicide attempt) and newly diagnosed or progressive medical condition necessitating frequent follow-up, 3) inability to provide written informed consent and comply with study procedures, and/or 4) active vagal nerve stimulation therapy were excluded. The Institutional Review Board of the Cleveland Clinic approved this study, and participants gave informed consent before enrollment.
Structured interviews and completion of a battery of self-assessment measures
Participants underwent a structured interview to ascertain their sleep/wake patterns, nocturnal behaviors, sleep/wake disorder symptoms, epilepsy characteristics, medical history and medications, and other substances (alcohol and caffeine quantified in ounces per week). The interview was performed by one of the investigators (NFS) boardcertified in both epilepsy and sleep medicine.
Participants completed a battery of self-reported validated questionnaires which included: 1) ISI to systematically grade presence and severity of insomnia, 2) Epworth Sleepiness Scale (ESS) measuring subjective daytime sleepiness, and 3) Beck Depression Inventory (BDI) gauging the likelihood of comorbid depression. Participants completed a one-week sleep/wake diary prior to PSG. Sleep and wake times, nightly awakenings of at least 30 min, and seizures were recorded. Total sleep duration (TSD) was the average duration of the major sleep period over the diary period.
Comprehensive in-laboratory video-PSG with 18-channel EEG
Participants underwent in-laboratory overnight-attended video-PSG-EEG to evaluate for OSA. We considered the apnea-hypopnea index (AHI), a measure of OSA severity, as a covariate in our analysis because OSA is a common comorbidity in patients with epilepsy [11, 12] .
Polysomnography recordings included 18 channels of EEG, electrooculography (two channels), chin electromyography (EMG; three channels), leg EMG (four channels), and single-channel modified lead II EKG. Airflow and respiration were monitored using nasal pressure transducers, oronasal thermal sensors and piezoelectric thoracic and abdominal belts, snore microphone, pulse oximetry, and body position.
Sleep/wake stages, arousals, respiratory events, and other events were scored using the American Academy of Sleep Medicine (AASM) scoring manual rules in place at the time of the analysis [13] . Hypopneas were defined as a reduction in nasal pressure excursions by ≥ 50% of baseline for at least 10 s and associated with a ≥3% oxygen desaturation or an arousal. Deidentified PSG studies were interpreted by a polysomnographer (NFS) blinded to the identity of the patient or other test results. Apneas and hypopneas were summed to derive the AHI (mean number of apneas and hypopneas per sleep hour).
Electronic medical record review
We reviewed data from the Cleveland Clinic electronic medical record (EMR) specifically collecting information on: 1) demographics (age, gender, body mass index [BMI], marital status, employment status, and tobacco use); 2) characteristics of the patients epilepsy (epilepsy syndrome, seizure types, mean monthly seizure frequency excluding auras, presence of generalized tonic-clonic (GTC) seizures in the previous 6 months); 3) medications prescribed at the time of enrollment including antiepileptic drugs (AEDs), sedative-hypnotics, psychotropic medications, central nervous system stimulants, and recreational drugs; 4) comorbid medical disorders; and 5) history of epilepsy surgery.
Calculation of seizure burden, seizure types, and standardized AED doses
To more systematically evaluate the impact of seizure type, seizure burden, and AEDs, we calculated for each patient their seizure burden, seizure type, and World Health Organization (WHO)-standardized variable of the amount of AED(s) taken daily to treat their epilepsy (STD dose) using the Defined Daily Dose, a measure based on the assumed average daily dose in its main indication for adults [14, 15] . We classified AEDs as first generation, second generation, or combination.
Mean monthly frequency of disabling seizures (excluding auras) was determined through EMR review and seizure diaries when available over the 6-month period prior to enrollment and evaluated as a continuous measure and categorically (seizure-free, b1 seizure per month, or ≥1 seizures per month). Based upon the structured interview and EMR and, when available, routine EEG, video-EEG monitoring, and neuroimaging studies, we classified each study participant's epilepsy into generalized, focal temporal lobe epilepsy (TLE), focal extratemporal (XTLE), or unknown.
Insomnia Severity Index (ISI)
The Insomnia Severity Index (ISI) is a validated measure for identifying insomnia and grading its severity [10, [16] [17] [18] [19] . The ISI consists of seven items which evaluate for difficulty falling asleep, difficulty staying asleep, early morning awakenings, satisfaction with the current pattern of sleep, how it interferes with daily functioning when awake, subjective awareness of the daytime impairment, and level of distress caused by it within the past two weeks. Each item is rated on a 5-point scale with total scores ranging from 0 to 28. A cutoff score of ≥ 8 on the ISI has been shown to reliably identify insomnia in patients with cancer [20] . Another recent study found that the ISI reliably identified objective insomnia and showed good correlation with PSG findings of insomnia (prolonged sleep latency, lower sleep time, and lower percentage of REM sleep time) in 151 adults [16] . The ISI was graded as insignificant (0-7) or no insomnia, subthreshold/mild insomnia (8) (9) (10) (11) (12) (13) (14) , or moderate or severe insomnia (≥15).
The Epworth Sleepiness Scale (ESS) measures a person's recent subjective perception of daytime sleep propensity [21] . Individuals rate on a 4-point scale (0-3) their chances of dozing off or falling asleep in eight different real-life common situations or activities. The total ESS score is the sum of 8-item scores and can range between 0 and 24 with a total score of ≥ 10 considered abnormal and indicative of excessive daytime sleepiness (EDS) [22] . The ESS has high test-retest reliability and internal consistency [22] [23] [24] [25] .
The Beck Depression Inventory (BDI) is a validated 21-item selfreport questionnaire for depression. The BDI has good test-retest reliability with a consistent relationship between the scores and the clinical state. A score N9 is considered suggestive of depression [26] . A recent study found that the sensitivity and specificity of the BDI for the diagnosis of depression in 126 adults with epilepsy were around 90% [27] . In this study, we developed a modified BDI (mBDI) omitting two items (16 and 17) that ascertain sleep and wake complaints, in order to avoid colinearity. Specifically, item 16 addresses sleep quality, early morning awakening, and sleep maintenance, and item 17 addresses tiredness.
Statistical analysis
The ISI was treated as both a categorical (ISI b 8 for insignificant, 8 to b15 for subthreshold/mild, ≥15 for moderate or severe) and a continuous variable. The AHI was classified into three categories (AHI b 5, 5 to b10, and ≥10). The ESS (≥10 considered abnormal) was treated as a categorical variable.
The relationship between continuous variables and the ISI categorical variables was tested using Spearman's rank correlation. The relationship between ISI score as a continuous variable and ESS was tested using Welch's two-sample t-test. Tests for difference between categorical ISI variables and ordinal categorical groups were performed using Wilcoxon rank-sum test for two categories or Kruskal-Wallis rank-sum test for greater than two categories.
We categorized study participants as having insomnia according to the International Classification of Sleep Disorders, 2nd Edition (ICSD-2) [28] based on the sleep interview and analyzed the agreement between significant insomnia as measured by the ISI (ISI ≥ 15) and the ICSD-2 using Cohen's kappa.
The correlations between ISI score and independent variables were tested using Pearson's product-moment correlation for continuous variables or Spearman's rank correlation for ordinal factors. Finally, the ISI score was modeled using multiple regressions. Variables included were chosen based on reaching a 10% level of significance in the univariate analyses.
Continuous variables are shown as means with standard deviation, and categorical variables are shown using counts (%). All analyses were performed using R software (version 2.15.1, Vienna, Austria). A significance level of p b .05 was the criterion for all tests.
Results
Patient demographics
Ninety subjects (mean age: 39.1 ± 12.4 years; 67% female; mean BMI: 28.9 ± 7 mm/kg 2 ) completed the study procedures. The epilepsy type was focal in 63 (70%). Mean seizure frequency (excluding auras) was 4 ± 7.6 seizures per month. Twenty-six (28.9%) were seizure-free for the 6-month period before enrollment. Subjects were prescribed a mean of 1.7 ± 0.8 AEDs. The mean standardized AED dose was 2.1 ± 1.6 per month suggesting a higher-than-average drug burden. Table 1 shows the demographic characteristics of the study population.
Apnea-Hypopnea Index and Epworth Sleep Scale scores
The AHI on overnight PSG was normal (b5) in 49 (54%), 5 to b10 in 15 (17%), and N 10 in 26 (29%). Epworth Sleepiness Scale scores ≥ 10 endorsing EDS were reported in 31 (34.4%) patients.
Insomnia Severity Index
The mean Insomnia Severity Index (ISI) score for the group was 10.6 ± 6.7. Thirty-one patients (34.4%) had a score of b8 suggesting no significant insomnia symptoms, 33 (36.7%) had subthreshold/mild insomnia complaints, and 26 (28.9%) had ISI scores consistent with a diagnosis of moderate or severe insomnia. Table 2 shows results of the comparison between insomnia classification by the ICSD-2 and the ISI for clinically significant insomnia (ISI total ≥ 15). Of the patients classified as not having insomnia by the ICSD-2, all were classified as not having clinically significant insomnia by the ISI. For the 67 patients who were classified as having insomnia by the ICSD-2, only 26 (39%) had an ISI ≥ 15. The two classifications agreed fairly well on people with lower and higher levels of insomnia symptoms but disagreed on how to classify those with intermediate levels of insomnia symptoms. The proportion of agreement between the ISI and ICSD-2, adjusting for chance agreement, was 0.24, with 95% CI (0.13, 0.36).
Univariate analysis of the ISI and continuous variables found significant relationships only for the mBDI (p = .005), BDI (p b .001), and TSD based on sleep diaries (p = .004) (Supplementary Data Table 1 ). Significant univariate relationships were found between ISI severity categories and categorical variables for comorbid asthma/COPD (p = .003) and use of sedative-hypnotics (p b .001) (Supplementary Data Table 2 ). Comparisons of ISI severity categories on PSG measures found significant differences only for REM latency, with those with moderate or severe insomnia scores having greater REM latency (Supplementary Data Table 3 ). No significant correlations were found between total monthly seizure frequency and PSG variables.
Significant correlations between ISI and the BDI (r = .32, p = .002), mBDI (r = .25, p = .021), TSD (r = −0.3, p = .006), and ESS (r = .25, p = .02) were observed (Table 3 ). Higher scores on the mBDI, BDI, and ESS and shorter TSD were significantly associated with moderate or severe insomnia. No significant correlations were found for ISI score and age, BMI, alcohol/caffeine use, or epilepsy-related variables.
Using a final multiple regression model (Table 4) , we found that moderate or severe insomnia scores were more likely to be reported in adults with epilepsy who had decreased TSD (ß = − 0.93, p = .007), head trauma (ß = 4.37, p = .003), sedative-hypnotic use (ß = 4.86, p = .002), AED polytherapy (ß = 3.52, p = .005), and asthma/ 
Discussion
Systematically employing a validated measure of insomnia [10] , we found that 66% of 90 community-dwelling adults with epilepsy who were not referred to our epilepsy center for sleep/wake complaints had an abnormal ISI score consistent with some degree of insomnia, moderate or severe in 29%. This is a substantially higher prevalence of insomnia in adults with epilepsy compared with a 25% prevalence of ISI scores of 8 or more in general adult population studies [29] . In contrast to the general population, good agreement between the ICSD-2 diagnostic classification for insomnia and ISI scores ≥ 15 was found for patients without insomnia and high levels of insomnia complaints but not for low/intermediate levels of insomnia. Disagreement for low/intermediate levels of insomnia in our study may be due to the inherent sleep fragmentation and fatigue experienced by this population typically attributed to seizures and AED therapy. That we found good agreement at the ends of the spectrum supports the utility of the ISI for identifying significant insomnia in patients with epilepsy.
This high prevalence of insomnia is similar to the few other prospective studies reported in the medical literature. Vendrame et al. found a prevalence of moderate or severe insomnia in 55% of 152 adults with less refractory epilepsy referred to their sleep center [30] . They used the same criteria for moderate or severe insomnia (ISI ≥ 15) but did not exclude patients with preexisting insomnia as we did. They found that insomnia correlated with the number of AEDs and scores of depression on a modified version of the BDI-omitting item 16 only (sleep quality, early morning awakening, and sleep maintenance). Another prospective study using self-reported questionnaires found that sleepmaintenance insomnia was more likely to be reported among 100 consecutive adults with epilepsy than among 90 controls (52% vs. 34%), although similar percentages of patients with epilepsy and controls reported sleep-onset insomnia (34% vs. 28%, respectively) [2] . However, the control group was recruited from hospital staff, which may have led to bias in that study. Forty percent of 165 veterans with epilepsy (87% male; mean age 56) attending an epilepsy clinic reported insomnia, an older and predominantly male population, different from ours [31] .
In the present study, we neither defined the type of insomnia nor compared it with a control group; instead, we investigated the severity of insomnia symptoms using the ISI and its related factors in patients with epilepsy. We found no significant correlations between ISI score and age, gender, BMI, alcohol/caffeine use, OSA severity, seizure burden, seizure type, AED type, or AED STD dose, a measure of drug burden. The only epilepsy variable which increased the likelihood for moderate or severe insomnia was AED polytherapy, typically considered a marker of pharmacoresistant epilepsy. Although total drug burden was not a predictor of moderate or severe insomnia, it is possible that specific drugs or drug combinations impact insomnia symptoms. Our sample was too small to explore the many drug regimens taken by our patients.
While we found significant correlations between ISI scores and BDI, mBDI, and ESS, depressive symptoms, daytime sleepiness, and presence of OSA were not predictive of moderate or severe insomnia in multivariate regression models. Rather, in our final model, only TSD, comorbid asthma/COPD, head trauma, sedative-hypnotic use, and AED polypharmacy predicted significant insomnia symptoms. As expected, reduced TSD based on sleep diaries and sedative-hypnotic use, consisting of nonbenzodiazepine sleep aids, were strongly associated with insomnia symptoms. Studies of insomnia in the general population have similarly found that insomnia is more prevalent in patients with other medical disorders including asthma, COPD, and neurological problems including epilepsy [32] .
Depression is the most common comorbid psychiatric disorder among patients with epilepsy [33, 34] . Patients with insomnia were shown to have significantly higher BDI scores than people without insomnia in a general population community-based sample [35] . Depression may be an independent risk factor for insomnia in people with epilepsy as in the general population. A recent study confirmed that depression and anxiety in people with epilepsy are associated with sleep quality, EDS, and increased risk of suicidal ideation and suicide [36] . Depression in persons with epilepsy also increases the likelihood of AED nonadherence and reduced quality of life [37] . In our sample, no association between ISI score and comorbid mood disorder was observed, and neither the BDI nor the mBDI was an independent predictor of insomnia symptoms in our final regression model. Given the high usage of antidepressant and psychotropic agents, it is possible that patients with depression in our sample were adequately treated, rendering insomnia symptoms less prevalent. This cross-sectional study was not designed to explore causal relationships between depression, its treatments, and sleep/wake complaints.
We further found that a third (34%) of adults with epilepsy in our study reported EDS based on the ESS. Other studies have found EDS the second most common sleep/wake complaint in adults with epilepsy [6] . These questionnaire-based studies similar to ours found that the prevalence of EDS was significantly higher in adults with epilepsy than in age-and gender-matched controls (18% and 28% of adults with epilepsy vs. 12% and 17% of controls, respectively) using an ESS cutoff as we did of ≥ 10 [6] . In addition to the high prevalence of EDS, we found a significant positive correlation between the ESS and ISI that is in striking contrast to general population cohorts with insomnia, where significant negative correlations are generally observed. Our study is limited by a cross-sectional design and small sample size. Selection bias may have contributed to the findings. Study participants were recruited from a tertiary care epilepsy center and were more likely to have active epilepsy than patients treated in general neurology or primary care clinics. Hence, our findings may not be generalizable to patients with epilepsy in such clinical settings. Also, we did not investigate the severity of insomnia in relation to individual AEDs. Because of sample size constraints, we chose to categorize AEDs as either first or second generation and treatment with one or the other or combination therapy. We know that sleep/wake complaints are commonly attributed to AED therapy [38] . Detrimental and beneficial effects on sleep and wakefulness have been reported; however, prospective, randomized trials investigating these effects are lacking. Polytherapy with AEDs was associated with an increased ISI score in the present study, and this result is comparable with findings from another recent study [30] . Finally, with the exception of evaluating for OSA, we did not analyze whether other primary sleep disorders may have contributed to the insomnia complaint.
Among the few prior studies exploring insomnia symptoms in cohorts with epilepsy, our study is unique for several reasons. Firstly, because OSA is more common in adults with epilepsy than in the general population, we controlled for this comorbidity by recording PSG in all subjects [11, 12] . Secondly, we controlled for AED burden by determining the standardized AED dose for each subject using methodology published by the WHO. Thirdly, we modified the BDI by eliminating two items that are pertinent in the evaluation of insomnia: sleep quality and daytime tiredness.
Our study adds to the growing body of literature exploring relationships between sleep and epilepsy. We found that the severity of insomnia was not associated with epilepsy itself (save AED polytherapy) but rather with comorbid conditions, particularly asthma/COPD, head trauma, and depressive symptoms. The lack of an association between ISI score and age or gender further suggests that insomnia in patients with epilepsy may be different than that observed in the general population, where affected women outnumber men by a factor of two or more and symptoms present with increasing age [39] [40] [41] . These findings should be considered in the diagnosis and management of insomnia in patients with epilepsy.
